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Abstract

For quantitive measurement of the cracking behavior of soil, determining
the tensile strength is one of simplest approaches. However, in geotechnical
and geoenvironmental engineering practice, tensile strength of soil 1is
assumed to be insignificant because it is a relatively small value compared
with compression strength and the lack of a satisfactory measure. Thus,
theoretical and experimental study of the unconfined penetration test (UP)
method used to determine the tensile strength was conducted, and then the
UP device and experimental procedure were modified to reduce the
measurement errors and named as the Improved Unconfined Penetration
(IUP) test. Using the IUP test, experiments were carried out to examine the
variation in tensile strength as a function of disk diameter, loading rate and
pH level. Results of the experiments provided the following important
findings. The tensile strength increases with increase in the disk diameter.
The disk diameter with 25.4mm is suitable for the IUP tests, because the
specimen’s failure pattern for this selected disk diameter satisfy the theory
of perfect plasticity adopted in this study. The tensile strength is not
sensitive to the loading rate in the range of 0.1%/min ~ 1.0%/min. The

ASTM recommendation for the axial strain for the unconfined compression



test is recommended. The tensile strength of specimen compacted with pH 9
of water 1s smaller than that of specimen compacted with for pH 3 and 6
of water. That i1s, with a low pH value, the higher the tensile strength,
because a lower pH solution increases soil particle bonding stresses. The
polluted pore fluid as reflected on pH solution affects the particle size and
particle distribution trends. Especially, there are significant variations of the
value of Djo causing pollution as reflected by pH solution. The tensile
strengths obtained from the IUP test show a little lower values than those
the split tensile test, but generally good agreement between two values is
observed. Therefore, the IUP test is enough reliable for determination of the
tensile strength of the compacted sand-bentonite mixtures. In addition, the
results of this study can be usefully used for understanding the cracking
behavior of compacted soils and also for design, construction, and

maintenance of the geotechnical structures.
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Fig. 1.1 Schematic diagram illustrating typical settlement pattern

and associated cracking(Leonards and Narain, 1963)

Fig. 1.2 Cracking in highway embankment(Yang, 2005)



(b) Formation of wedge failure

Fig. 1.3 Tension crack with excavation-induced(Cho et al., 2004)



Tension
Cracks

(c) Sketch shows the tensile failure (d) Photo shows a close view

of earth slopes

Fig. 1.4 Typical slope failure related to the cracking and

tensile behavior of soil(Fang, 1997)



(a) At Chamoli (b) At Nandapraya
Fig. 1.5 Tensile cracks observed in the ground at India(Irene, 2004)
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Fig. 1.6 Comparison betw een predicted shear active plane and actual

failure plane during test filling in Muar(Brand and Premchitt, 1980)
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(Fang, 1997).

Fig. 2.6 Unconfined penetration, UP(Fang, 1997)
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A @t Table 2.1 ~ 2.3, Fig. 2.8).

Table 2.1 Standard compaction mold specification

Items Description

Mold Dimensions $100xH127mm

Construction All steel : plated for rust resistance

Collar 50mm

Base Plate @178 12mm(thick)

Clips Welded to mold and collar

Studs Threaded: With wing nuts;, welede to base plate

_17_



Table 2.2 Standard compaction hammer specification

Items Description
Hammer ®50mm x 2.5kg
Drop 300mm

Guide Sleeve

Machined steel tubing

Holes for air pressure release

Cap

Integrally spun into sleeve

Construction

Machined steel: plated for rust resistance

Table 2.3 Hydraulic

sample ejector specification

Items Description
Application #100, ¢150mm mold
Jack Force 3 ton

Stroke 150mm

Operation Hydraulic

_18_




(a) Standard compaction mold

(b) Standard compaction hammer (c) Hydraulic sample ejector

Fig. 2.8 Specimen preparation set

AA 719 Load frame sete Z=A3 tho]ld AoAE d43F Ao
ANd7 F 78 Fad FEolt(Fig. 29). ol & 2 & AAdAEY
A= APE T 5 e BHE s AF A8eE 24T F Y. 579

0.00lmm/min7} A loading %= Z&o] 7}538lH Load frame® A A< A}k

< O35 #2tH(Table 24 ~ 2.6).
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(b) Load cell

(a) Load frame (c) Rated displacement

Fig. 2.9 Load frame set

Table 2.4 Load frame specification

Items

Axial loading unit

Servo motor driven gear reduction system

Capacity

Max 200kgf

Loading speed

0.001 ~ 5 mm/min

Speed display

Digital speed meter

Speed control

Real time dynamic control(0.001 mm/min control)

Sample adjust

Operated by hand using handle & screw nuts

Motor

1.1 kw-servo motor

Frame

All steel integrally welded construction
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Table 2.5 Load cell specification

Items Description
Rated Capacity (R.C.) 100kg

Rated Output (R.O) 3mV/V+0.1%
Non-Linearity <0.1% R.O.
Hysteresis <0.1% R.O.
Non-repetability <0.1% R.O.
Creep error <0.1% in 20min
Zero Balance <0.1% R.O.
Compensated temperature range -10 ~ 70 C
Operating temperature range -20 ~ 80 C

Temp.effect on rated output

<0.05% Load/10C

Temp.effect on zero output

<0.05% R.0/10C

Teminal input resistance

3508 £3.58

Teminal output resistance

3500 £5€

Insulation resistance (min)

2000M MR at 50V DC

Excitation Voltage

10V (Recommended), 15V (Maximum)

Electrical Connection

HIMm <X 3m(22AWG x4Core shielded)

Protection Class

Meets IP 67

Safe overload

15096 R.C

Ultimate Overload

300% R.C

Table 2.6 Rated displacement specification

Items Description

Rated Displacement 10mm

Rated Output (mV/V) 1.5(or 3000<0.000001)%
Non-Linearity (%F.S.) 0.5

Hysteresis (%F.S.) 0.5

Input & Output Resistance (Q) 350

Birdge Voltge, AC or DC (V)

3V(Recommended). 6V(Max)

Temperature Range (C)

-5 ~ +60

Starting Force(g)

About 200
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AFAH7IE M=54A 2 AFH AEs 2EARRE do A3dge U

ol 27 & Fote] HFH RYH o A 5 s F FA o,

2 9o Huy AZI HolHE AL 4 v I A npg
7hsstol A A kel el o] Bk o] He s wEA A
2+ =] 9 th(Table 2.7, Fig. 2.10).

o
i)
ol
30
1
Bl
2

Table 2.7 Data logger specification

Items Description
Scanner Units 10 channels
Scan Speed 300ch/sec
Scan Time 100m/sec ~ 1/Hour
Test Kind Temperature, Strain gauge, DC voltage
Program Window o] & €= Program
Application Gauge Resistance| 1202 or 3508
Application Gauge Type 12082 - 1 gauge
1202 — 2 gauge
120Q or 3502 - 4 gauge
Bridge Voltage 2V DC
Direct Voltage +20mV, £200mV, +2V, £20V, £50

(a) Data logger (b) Computer set

Fig. 2.10 Data logger and Computer set
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bH 1/2

—5 €08
cota=tan¢ +seco |1+ a (3)
i(l—sinqﬁ)_ ing
p 5 sin
A A= aztanfl(%) A W fFEEH, o AHE ol&etd A 2)v v
I ol AT Unt
(2)
P<P = W(KbH— ag)at (4)

2 (4ol A KE tana+¢)2 A (3)ellA B & A= A 2o
ok olygt 4E5-AAFE 8], FAA LI A A v e s
Chen and Drucker(1969)7} W& ZAZX = 3kl (upper bound solution)+

Al AT TUEE BE S fE FUAANDAN AFFES T3

= 3tHY Ao=E tE Ao HEEAE B £ Qn. 5 A6G)e YHHAAAE
of gk AL A ez &8 4 9l
P
oy — 5 (5)
W(KbH—a)

e

d71AM, o, = AFAE, P = #4435, K = AF =tan2a+¢), H = FAA
o], a = Uvk WbA b = FAA ¥ o]t} Fang and Fernandez(1981)-2 Proctor

EE FAAE AFET A5 K = 15 A A e tH(Table 3.1).
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Table 2.8 Proposed values of parameter K in Eq.(5)
(Fang and Fernandez, 1981)

Size of specimen K value
Harvard miniature compaction mold(3.3x7.2cm) 1.05 ~ 1.10
Proctor mold (10.2x11.3cm) 1.0
CBR mold (15.2x17.8cm) 0.8
Conditions :
e Specimen-disc ratio : 0.2 ~ 0.3
e Height to diameter of specimen ratio : 0.46 ~ 1.0
e Rate of loading : ASTM recommendation for axial strain at
a ration of 0.5 ~ 2 percent of height per minute.
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(b) Base plate of load frame

- Baseplate -

Loading rate controllé

(a) Load frame (c) disks

Fig. 2.13 Improved unconfined penetration test
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Fig. 3.2 Structural units of clay minerals(Lee, 2000)
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Fig. 3.3 Atom structure of montmorillonite(Lee, 2000)
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Fig. 3.4 Diagrammatic sketch of the structure of montmorillonite

(Lee, 2000)
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Table 3.1 Specific gravity of materials

Specific
gravity 2.69 2.63 2.61 2.61 2.58 2.57
(Gs)

2) olEl ¥ 18 Al (Atterberg Limit)X 3

AA gHE W Ha ﬂw
| & T3t

Wt @Ae v

]94. /\/\4/\1-]5“0] /\1 w37 7 }\]-ﬂ]i

7 E ol B8] 13 A A D (ASTM

2~

4318-98) 2 A5} 91 o} ""
=
=

Liquid limit
36.3 49.2 30.48 47.31
(LL)
Plastic limit
N.P. 21.3 19.2 N.P. 16.93 22.88
(PL)
Plastic index
15 30 13.55 24.43
(PI)

ARe Qs AEE AFss] Astel AR MFALHASTM D
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Fig. 3.5 Particle size distribution curve of materials
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AR ANAzAES AAGFNE T/ Aske] g

ol = v 22 ol

A

3 (ASTM
D 698-91, KS F 2312-91)& A A5t}

o)
2R

o B ATAE ATAuEe Ada

Table 3.3 Summary of standard proctor compaction test specifications

(Chun & Yoo, 2001)

Weight of | Diameter of| Number of | Number of Maximum
Method | hammer hammer layers of blows per allowable
(kg) (mm) soil layer diameter(mm)
A 2.5 100 3 25 19
B 2.5 150 3 55 37.5
C 4.5 100 5 25 19
D 4.5 150 5 55 19
E 4.5 150 9 92 375

Table 3.4 Maximum dry density and optimum moisture content of

materials
aterials| Granite- | Granite— | Granite—- Sand- Sand- Sand-
bentonite | bentonite | bentonite | bentonite | bentonite | bentonite
mixture | mixture | mixture mixture mixture mixture
(Plastic | (Plastic | (Plastic | (containing | (containing | (containing
Index Index Index 5% of 109 of 15% of
Property \| (PI)=0) | (P1)=15) | (P1)=30) | bentonite) | bentonite) | bentonite)
Vdm(mt
1.83 1.79 1.78 1.59. 161 1.62
(g/em®)
OM.C
13.3 145 14.8 17.1 176 18.0
(%)
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5) ®5 A4

AgAZA LA gl Ud FFS A%y Aske] AuE Amed B-UE

ste] W49 FEAF(ASTM D 2343-68)2 A8ttt AF
7b 244 279 10 ‘em/secst frAFSEAl UrERRETE

Table 3.5 Coefficient of permeability of materials

Materials| Sand-bentonite Sand-bentonite Sand-bentonite
mixture mixture mixture
(containing 5% (containing 10% (containing 15%
Property of bentonite) of bentonite) of bentonite)
Coefficient of
permeability 9.78 %10 1.97x1077 2.91x10"°
(cm/sec)
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Table 4.1 Characteristics of granite-bentonite mixtures

Blacitie Compaction Atterberg Limit
Index -~ — #2001 G5 | uscs
(96) (ofem) O.M.C Liquid | Plastic (%) E
0/ | Tamaz'9 (%) Limit Limit
0 1.83 13.3 N.P 40.65 2.69 SM
15 1.79 145 36.3 21.3 41.93 2.63 SC
30 1.78 14.8 49.2 19.2 46.68 2.61 SC
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Table 4.2 Characteristics of sand-bentonite mixtures

Bt Compaction Atterberg Limit o
MiXing s Plastic (%) Gs
Rate Yimaz (g/m ) lelt
5% 1.59 N.P 2.61
1096 1.61 16.93 2.58
15% 1.62 22.88 2.57
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Table 4.3 Test procedure of granite-bentonite mixtures

Plastic index, PI (%) |Disk diameters(mm) Loading rates (%/min)
12.7 0.1, 05, 10, 20

254 0.1, 05, 10, 20

0 38.1 0.1, 05, 10, 20
50.8 0.1, 05, 1.0, 20

12.7 0.1, 05, 1.0, 20

15 25.4 0.1, 05, 1.0, 20
38.1 0.1, 05, 10, 20

50.8 0.1, 05, 10, 20

12.7 0.1, 05, 10, 20

30 254 0.1, 05, 10, 20
38.1 0.1, 05, 1.0, 20

50.8 0.1, 05, 1.0, 20

Table 4.4 Test procedure of sand-bentonite mixtures

Mixture rate of bentonite(%) [Disk diameters(mm)| Loading rates(%,/min)
o2/ 0.1, 05 1.0
254 0.1, 05, 1.0
> 38.1 0.1, 05 1.0
50.8 0.1, 05 1.0
12.7 0.1, 05, 1.0
10 254 0.1, 05 1.0
38.1 0.1, 05 1.0
50.8 0.1, 05, 1.0
12.7 0.1, 05 1.0
15 254 0.1, 05, 1.0
38.1 0.1, 05 1.0
50.8 0.1, 05 1.0
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Tensile Strength (kgt)

Tensile Strength (kgi)

0.3

0.2

0.3

0.2
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—6— 50.8mm
—@— 38.1mm
—A— 25.4mm
—A— 12.7mm

1 2 3 4 5 6
Axial Strain (%)
(a) Loading rate : 0.1%/min
—o6— 50.8mm
—0— 38.1mm
—A— 25.4mm
—a&— 12.7mm

Axial Strain (%)

(b) Loading rate : 0.5%/min
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(d) Loading rate : 2.0%/min

Fig. 4.2 Granite-bentonite mixtures(Plastic index(PI) = 0)
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_46_



0.3

0.2 |

Tensile Strength (kgt)

50.8mm
38.1mm
25.4mm
12.7mm

0 1 2 5
Axial Strain (%)
(c) Loading rate : 1.0%/min

0.3
—6— 50.8mm
—@— 38.1mm
—A— 25.4mm
—A— 12.7mm

0.2 ¢

Tensile Strength (kgi)

Axial Strain (%)

(d) Loading rate : 2.0%/min

Fig. 4.3 Granite-bentonite mixtures(Plastic index(PI) =
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Tensile Strength (kgi)

Tensile Strength (kgi)
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Axial Strain (%)

(a) Loading rate : 0.1%/min
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(b) Loading rate : 0.5%/min
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(¢c) Loading rate : 1.0%/min
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(d) Loading rate : 2.0%/min

Fig. 4.4 Granite-bentonite mixtures(Plastic index(PI) = 30)
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(b) Loading rate : 0.5%/min
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(c) Loading rate : 1.0%/min

Fig. 4.5 Sand-bentonite mixtures(containing 5% of bentonite)
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Fig. 4.6 Sand-bentonite mixtures(containing 10% of bentonite)
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(¢) Loading rate : 1.0%/min

Fig. 4.7 Sand-bentonite mixtures(containing 15% of bentonite)
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(f) Sand-bentonite mixtures(containing 15% of bentonite)

Fig. 4.8 Variation of tensile strength to a disk diameter

Fig. 4.9 Failure modes of specimen in the IUP tests

(Granite-bentonite mixtures(Plastic index(PI) = 15))
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Fig. 4.10 Loading rate and disk diameter effects on tensile strength
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Fig. 4.11 Comparison of tensile strength of various materials

determined by UP, Split tensile and IUP tests
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Geomembrane

Singleclay liner Single geomembrane liner

Geomembrane

Z
| i e

Geocomposite clay liner(GCL)
Single composite liner with(GCL)

Single clay liner

Douleliner Doule clay liner

/ Geomembrane

Geomembrane

<— Geomembrane B <« LDS

Geomembrane
Doule composite liner Doule composite liner

Fig. 5.1 Composition of landfill bottom system
(Korean geotechnical society, 2004)
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Single geomembrane liner

Singe clay liner

Singe GCL

Composite liner

Comositelinerwith(GCL)
Fig. 5.2 Composition of landfill cover system
(Korean geotechnical society, 2004)

Geotextile filter —— T N

-
Soil waste
( Geonet d -}

C I

= _ -
Geosynthetic clz;‘/Tin_er““‘—#’ _
Primary geomembrane Geopipe

Geotextile filter Geotextile filter

Gravel w/Perforated pipe
Geotextile protection
Geomembrane(Primary)
Geosynthetic clay liner
Geotextile filter/separation
Geonet leak detection
Geomembrane(secondary)
Geosynthetic clay liner
Compacted clay liner

ompacted clay liner:

Fig. 5.3 Apply geosynthetic to solid waste landfill system
(Korean geotechnical society, 2004)

Fig. 5.4 Wrinkle phenomenon of geosynthetic—clay liner connection

by careless construction(Korean geotechnical society, 2004)
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Table 5.1 Component and pH of leachate in municipal wastes landfill

(Naylor et al., 1978)

1y #Hr7lE g | Ag22dr] Ay | Ag2YyriEd
Determinant (USEPA, 1973) (Kunkel and Shade, (Eavison, 1969)
(mg/L) 1976)(mg/L) (mg/L)
CaCO3 Nil-20,850 7,000-7,800 1,400-6,400
BOD (5
day) 9-54,610 13,800-16,800 21-340
COD Nil-89,520 46,600-2,400
Ca 5-4,080 2,230° 40-690
Mg 16.5-15,600 727 70-308
Na Nil-7,700 1,440° 390-1,600
K 2.8-3,700 680 240-800
Cl 34-2,800 1,325-1,375 360-1,800
SOy 1-1,826 265-411 10-350
NIH3N Nil-1,106 336-340 140-990
Fe 0.2-5,500 1,510° 9-72
pH 3.7 - 85 5.8 - 6.2 6.3 - 8.2
“Average

_71_



Table 5.2 Component and pH of leachate in industrial wastes landfill

(Philipp et al., 1986)

Pb (mg/L)| <0.05 | 290.0 | 0.09 0.04 <0.01 0.05 0.57 | <0.01
Zn (mg/L)| 6.8 2600 | 0.61 0.89 0.86 0.39 1.7 2580
Desulfurization slag
pH 6.45 5 10.86 | 11.02 10.2 10.0 9.3 5
As (mg/L) - <0.05]<0.01| <0.01 <0.01 <0.01 - 0.01
Cd (mg/L)| <0.05 |<0.05|<0.01| <0.01 <0.01 <0.01 | <0.05 | <0.05
Cr (total) | <0.05 | <0.1 |<0.04| 0.01 <0.05 0.01 | <0.05| <0.05
Ni (mg/L)| 90.0 - 0.04 0.09 0.09 1.64 - 1036
Pb (mg/L)| 74 - <0.02 0.01 <0.05 0.07 0.07 16.0
Zn (mg/L)| <0.05 0.7 0.02 <0.01 <0.01 0.20 0.20 9.0
Blast Furnace dust
pH 12.50 5 1259 | 1252 - 12.8 11.7 5
As (mg/L) - <0.05 | <0.01 0.02 - <0.01 - 0.20
Cd (mg/L)| <0.05 | 0.05 | <0.01 0.02 - <0.01 | <0.05| 0.04
Cr (total) | 314 17.0 | 31.0 71.0 > 29.9 16.0 4.0
Ni (mg/L)| <0.05 | <0.1 | <0.04| <0.01 ~ <0.01 | <0.05| 0.33
Pb (mg/L)| 13.3 <0.1 | 16.0 23.6 - 15 11.2 | <0.01
Zn (mg/L)| 3.05 <0.1 | 35 4.3 5 0.03 3.1 184.0
Tablet slag
pH 11.9 5 1257 | 12.18 11.50 125 11.0 5
As (mg/L) - <0.05 | <0.01 0.01 <0.01 | <0.01 - 0.06
Cd (mg/L)| <0.05 |<0.05|<0.01 | <0.01 <0.1 <0.01 | <0.05| 0.08
Cr (total) | <0.05 | <0.1 | <0.04| <0.01 <0.5 0.04 | <0.05| 0.08
Ni (mg/L)| <0.05 | <0.1 |<0.04| <0.01 <0.1 <0.01 | <0.05 | <0.01
Pb (mg/L)| <0.05 0.1 0.38 <0.01 <1.0 0.01 | <0.05| <0.01
Zn (mg/L)| <0.05 | <0.1 | 0.13 <0.01 <0.1 0.05 | <0.05 | <0.02
Converter dust
pH 11.87 5 11.75 | 12.25 11.80 115 - -
As (mg/L) - 0.06 | <0.01 0.06 <0.05 | <0.01 - 0.02
Cd (mg/L)| 0.05 0.22 | <0.01 0.03 <0.05 | <0.01 - <0.01
Cr (total) | 68.0 45.0 | 69.0 170.0 84.8 54.2 - 36.0
Ni (mg/L)| <0.05 5.2 1<0.04| <0.05 0.07 0.01 - 0.11
Pb (mg/L)| <0.05 0.1 0.45 5.4 <0.1 0.04 - <0.01
Zn (mg/L)| <0.05 | 240 | <0.02| <0.05 <0.01 0.04 - <0.02
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Table 5.3 Test procedure of hydrometer analysis with sand—-bentonite

mixtures
Containing rate of bentonite(%) pH
5 3, 6, 9
10 37 6’ 9
15 37 6’ 9

Fig. 5.6014 2= whsl o] 2H7lel £FESE pHol wel Jurxrt vl
el Geid o 2 AR A@wel

‘PF
% 20 etk £35e pHrt da@7) e e 245ET =

s A71A, A AgEoe] FrkskA Hol WRs A4S S A
gt AS A 7 UG @ IEAFTAE, 1999). A4 E dAATEE F Y
Aol A7Iv EYRtde JEFE SAN FE F99 olFFF(Double layer
water)®] S/ wekA FHg-Erh(o], 2000). &Aool F - (Diffuse double layer)
oz =7 A AEYAES Az 7Y AE FitolT S50l A= HFed =
dEow Qsto] s Atolele wbEre o] AXItk(Fig. 5.7). 19 FAo HE

PAE Abolol = w222 3 (Van der Waal's force)oll 23t Q12 o] EA)3}
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(a) Sand-bentonite mixtures(containing 5% of bentonite)
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(¢) Sand-bentonite mixtures(containing 15% of bentonite)

Fig. 5.6 Effect of pH level on hydrometer analysis
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Table 5.4 Test procedure for IUP tests on sand-bentonite mixtures

>
s

Containing rate of bentonite(%) Loading rates(%/min)

0.1, 0.5, 1.0

0.1, 0.5, 1.0

0.1, 0.5, 1.0

0.1, 0.5, 1.0

10 0.1, 0.5, 1.0

0.1, 0.5, 1.0

0.1, 0.5, 1.0

15 0.1, 0.5, 1.0

O | WO || W|[O | |w

0.1, 0.5, 1.0

Fig. 59014 ¢} o] &9 pHZE Z4a(H 7)ol wet dFd=7t =5
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(b) Sand-bentonite mixtures(containing 10% of bentonite)
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(c) Sand-bentonite mixtures(containing 15% of bentonite)
Fig. 5.9 Effect of pH level on tensile strength in the IUP test
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€— Glass Plate

— A trace of boundary
of wet mud paste
(origing wet soil pad)

— Dry Mud Pad
(Soil specimen after
dried)

(a) Top view of dry mud pad

Dry Mud Pad
......... %_'_i

~ .

Glass Plate
1/20"
(b) Cross-section of dry mud pad

Fig. 5.10 Preparation of wet mud pad for conducting cracking

pattern tests

Table 5.5 Test procedure for cracking pattern tests on sand-bentonite

mixtures
Containing rate of bentonite(%) pH
5 3, 6,9
10 3,6, 9
15 3, 6,9
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(a) Sand-bentonite mixtures (b) Sand-bentonite mixtures

(containing 5% of bentonite)-pH 3  (containing 5% of bentonite)-pH 9

(¢) Sand-bentonite mixtures (d) Sand-bentonite mixtures

(containing 10% of bentonite)-pH 3 (containing 10% of bentonite)-pH 9

(e) Sand-bentonite mixtures (f) Sand-bentonite mixtures

(containing 15% of bentonite)-pH 3 (containing 15% of bentonite)-pH 9

Fig. 5.11 Effect of pH level in pore fluid on cracking pattern
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Table 5.6 Comparison of basic parameters relating to soil structures

(Fang et al., 2004)

Maior Factors Soil Structures
L Flocculation Dispersive
[1] Particle Arrangements Face to edge Face to face
[2] Particle Structure
Flocculated Dispersed
structure structure

[3] Physicochemical Properties

(a) Electrolyte concentration Increase Decrease

(b) Ion valence Increase Decrease

(c) Dielectric constant Decrease Increase

(d) Size of ion Decrease Increase
[4] Environmental Factors

(a) Temperature Decrease Increase

(b) pH wvalue Decrease Increase
[5] Engineering Behavior

(a) Hydraulic conductivity High Low

(b) Compressibility High Low

(c) Shear Strength Low High

(d) Unit weight Low High

(e) Crack openings Large Small

_83_



)

4

A 6 7

S Hw, %7 9

w

TEEAA o E o

it
=0
)
vl

)

)

o

] 5o

|

i
o

A
Ea

~o
o

0

o)

dlo] & 2]

)

0

]

A~
T

B

cd
)

—

0

T

o)
o

vzel
_5 r
.

1 ghol

Stk QoA

al

5

AL 5o

)

= el 7hgtva Az

)

BR

—~
o

HA =]

WA AEAGA 2R B

lo] A9 E e

o
2
piul

bol o7 %

0|45

el

¢

XS

!

S
o

mo

el
frol

9 o9

&

ol

bl o8 7hA

]

2

=
=

}ol pH

TdES o] &3

e

do

A= wol A}

B

o

il
1

el

)
o

-

el
st

A ol A

= ATddA=

1.

nny A A

=1
=

[e]
=5 35

IoH

on
w
N

—

el

o

~
4
!

el
blo

BR

o

2

oy
it

ol

ol

B E

Ho
~)

™

NH

-
i3
o

B
2

Ea
S
)
why

o
i
W

oo

ol

N..o

)

T
o))
NI

ﬁo

NI

<

B
Gl

El

el
100

g A

—_—

0

oy
100
To
.@

o
;Iryl
1o

o)

iy

o))
K

M

ToR

ol

Pl mE gz 277

793

A 8 %5 1

K

o

_84_



-

R

]_

)

boj of

°

A

=

=

= PN

hE

Xg Il

1
i

ol A
o} K

Al
=

-

L

&l A

S

b1 9
A 5l

[¢]

o =
%/\a fXé

)

—~
o

N

jmt

i
sl

oy
N

Nd

e

o

=k

|

b
<r

o

o

—_
o

ol "z A7

H& =2 dE

Fol

;00

~
Njo
4
_/O
ﬂAro

j—

0

|l

TR A st o

o

e

;Ot

oA FAT Ao

3]
=

DEE RAR

ASTM ¢

ol
ol

fu

%A

)
i

—r

0

e

al

o
No

HA

)

9 4o
ol g ol w
El

°]

o)
=

]

+n

A&EwEA meA 277k se

]

T

o pH
—_ 85 _

2}

[¢)

of wel B -wlEi}o]

u}

s}
=]

A4
Fol

°
=4

=

=

=%

] HERSE G

T pH7} #AHa(H714)

1ol 5

Kol

&

a}

=

7.



A5t AT 5e o AR AdeAgely YA AF F
EAae 44, AREe §Eol 39 ~ 50% ool avH=d Adre)
Skl Wold4E AN WE JFL wol Wi Aow mol A

_86_



]
kJ
Ao
L

AR, HEW, 95, oG (2004), “EDGG" T A B, pp. 33-39,

Wge, ol E, A, oA, EIFQ002), A A= ofxBE EFEIALYE
AL YPIELESTI=FFHD Vol. 22 No. 3.

A4, $84, 029G, A8, A4, 0@ 002), “ARFF AWY R &8 AL

o] Q1 E(2000), “EH I8 &= pp. 10-14, 42-44.
A o] B (2006), “A Wk 8" Ful B pp. 3-7, 107-122, 144-152.
AR, FAE2000), “FHIFAEA gk A AxTe] F g, U HE &5t

3], pp. 269-279.
ZEH R, o, 17144(2004), “IHA AN JAHE] WAE FHuEEE HAHA

A gwatd Y] A% A7, FaAubFsts = A 204 8%, pp. 15-27.

AWA fE (2001), “ERAY = ARFEA-AY -9 AT o A o] &
(F)217d A 5-AF, pp. 95-102.

gh 2wk 81 3] (2004), “AEA[H /] E WY 2 EFBA, Ful AR, pp. 6-9, 14-19,
61-61, 87-93, 133-134.

g E A FAH1999), “A kA wke] 5 Ao &

7 5-(1999, 2001), #7125 ¥4,

e g, fEE A (1966), N ARBEATR Rt~ EHICET 5 2, 3 ollEMA &#
110+ T >k 7 20, pp. 98.

PEH— 2 (1970), =%+ TEWWEE & 2 ok WisE A E, +8 LEag <Y +iise
ZE ¢, pp. 9-31.

Allen, A.(2001), “Contaminant Landfills: the Myth of Sustainability”, Engineering

r2

7", pp. 306-329.

Geology, Vol. 60, pp. 3-19.

Bishop, A. W. and Garga, V. K.(1969), “Drained Tests on London Clay”,
Geotechnique, Vol. 19, No. 2, pp. 309-312.

Bofinger, H. E.(1970), “The Measurement of the Tensile Properties of Soil Cement”,

_87_



RRL Report LR 365, 1970, Road Research Laboratory, Ministry of Transport,
Crowthorme, Berkshire.

Brand, E. W. and Premchitt, J.(1980), “Shape Factors of Cylindrical Piezometers”,
Geotechnique, Vol. 30, No. 4, pp. 369-384.

Brand, E.-W. and Phillipson, H. B.(1985), “Review of International Practice for the
Sampling and Testing of Residual Soils”, Scorpion Press, Hong Kong. pp. 7-21.
Breen, F. F. and Stephens, J. E.(1966), “Split Cylinder Test Applied to Bituminous

Mixtures at Low Temperatures”, ASTM Jour. of Materials, Vol. 1, No. 1

Chen, W. F. and Drucker, D. C.(1969), “Bearing Capacity of Concrete Blocks or
Rock”, Jour. of Eng. Mech. Div., Proc. ASCE, Vol. 95, No. EM4, pp. 955-978.

Chen, W. F.(1970), “Extensibility of Concrete and Theorems of Limit
Analysis”, Jour. of Eng. Mech. Div., Proc. ASCE, Vol. 96, No. EM3, pp. 341-352.

Conlon, R. T.(1966), “Landslide on the Toulnustone River, Quebec”, Canadian
Geotechnical Journal, Vol. 3, No. 3, pp. 113-144.

Desai, C. S., and Ahn, T. B.(1995), “Effect of Chemical Transport on Seepage,
Stress-Deformation and  Stability Analysis of Soil Embankments”, to be
submitted.

Evans, J. C. and Fang, H. Y.(1986), “Triaxial Equipment for Permeability Testing
with Hazardous and Toxic Permeates”, ASTM Geotechnical Testing Journal 9(3),
pp. 126-132.

Fang, H. Y. and Chen, W. F.(1972), “New Method for Determination of Tensile
Strength of Soils”, Highway Research Record 354, pp. 62-68.

Fang, H. Y. and Fernandez(1981), “Determination of Tensile Strength of Soils by
Unconfined-Penetration Test”, ASTM STP 740, pp. 130-144.

Fang, H. Y.(1997), “Introduction to Environmental Geotechnology”, CRC Press LLC,
pp. 169-177, 504-511.

Fernandez, F. and Quigley, R. M.(1988), “Viscosity and Dielectric Constant Controls
on the Hydraulic Conductivity of Clayey Soils Permeated with Water Soluble
Organics”, Canadian Geotechnical Journal, 25, pp. 582-589.

Fang, H. Y. Daniels, J. L. and Kim, T. H.(2004), “Pollution Intrusion on

Soil-Pavement System”, ASCE Journal of Transportation Engineering(SCIE), Vol

_88_



130, No. 4, pp. 526-

George, K. P.(1970), “Theory of Brittle Fracture Applied to Soil Cement”, Jour. of
Soil Mech. and Found. Div., Proc. ASCE, Vol. 96, No. SM3, pp. 991-1010.

Irene Sarkar(2004) “The Role of the 1999 Chamoli Earthquake in the Formation of
Ground Cracks”, Journal of Asian Earth Sciences 22(2004), pp. 529-538.

Kim, T.-H. and Sture, S.(2004), “Effect of Moisture on Attraction Force in Beach
Sand”, Marine Georesources and Geotechnology, Vol. 22, No, 1-2, pp. 33-47.

Leonards, G. A. and Narain, J.(1963), “Flexibility of Clay and Cracking of Earth
Dams”, Jour. of Soil Mech. and Found. Div., Proc. ASCE, Vol. 8, No. SM2, pp.
47-98.

Lumb, P.(1962), “The Properties of Decomposed Granite”, Geotechnique 12, No.3, pp.
226-243.

Meegoda, J. N. and Rajapakse, R. A.(1993), “Long-term  Hydraulic
Cnductivities of Cntaminated Clays”, ASCE Env. Engineering Journal, 119(4), pp.
725-743.

Mikulitsch, W. A. and Gudehus, G.(1995), “Uniaxial Tension, Biaxial Loading and
Wetting Tests on Loess”, Proceedings of 1st International Conference on
Unsaturated Soils, .Alonso & Delages (eds), pp. 45-150.

Murata, H. and Yasufuku, N.(1987), “Mechanical Properties of Undisturbed
Decomposed Granite Soils”, Proc, of the 8th Asian Regional Conference on SMFE,
Vol. 1. pp. 193-196.

Naik, D.(1986), “Effect of Temperature and Pore Fluid on  Shear
Characteristics of Clay”, Proc. 1 international Symposium Environmental
Geotechnology, 1, pp. 382-390.

Naylor, J. A., Rowland, C. D., Young, C. P. and Barger, C.(1978), “The
Investigation of Landfill sites”, Water Research Center, Herts, England, pp. 68.

Ogata, N., Yasuda, M. and Kataoka, T.(1982), “Salt Concentration Effects of
Strength of Frozen Soils”, Proc., 3th. Int. Symp. on Groudn Freezing, pp. 3-10.

Perkins, S. W.(1991), “Modeling of Regolith Structure Interaction in
Extraterrestrial Constructed Facilities”, Ph. D. thesis, University of Colorado at

Boulder.

_89_



Philipp, J. A., Endell, R., Raguin, J. and Dechelette, W.(1986), “Leaching Test
Characterization of Iron and Steel Industry Waste”, Hazadous and Industrial
SolidWaste Testing Disposal, sixth Vol., ASTM STP 933, pp. 7-27.

Suklje, L.(1969), “Rheological Aspects of Soil Mechanics”, Wiley-Interscie ncy, pp.
456-476.

Spencer, E.(1968), “Effect of Tension of Stability of Embankment”, Journal of the
Soil Mechanics and Foundation Division, ASCE, Vol. 94, No. SM5, pp. 1159-1173.

Thompson, M. R.(1965), “The Split Tensile Strength of Lime-Stabilized Soils”,
Highway Research Record 92, pp. 11-23.

Timoshonko, $.(1934), “Theory of Elasticity”, McGrw-Hill, New York, pp. 104-108.

Tschebotarioff, G. P., Ward, E. and Dephilippe, A. A.(1953), “The Tensile Strength
of Disturbed and Recompacted Soils”, Proc, Third Internat. Conf. on Soil Mech.
And Found. Eng., Vol. 3, pp. 207-210.

Winterkorn, Hans F. (1955), “The Science of Soil Stabilization”, HRB Bull, pp. 1-24.

_90_



o] AukFy . Aol

=

fl

OJ Ag

ol ot

1

L

o 15l 2 o2}

= oo WO ® T A L B R = T
e T T OH o - T N FE P o7 up
o = W =
= o o N g 2 X B T o il
= K W v ) of o oy R
= e o o w o ® B oo W o R T i
iy ‘UI T % R N 5O q %o ,Wm e W = o |
= R K bl m = ° = o T
~ T D ofn T o o — A R )
hﬂ_. wr AR X om ol ﬁ T o Lﬂ_ Mo WoF =R - -
o MR W g b o T S o5
H;l N N H;l o —_ j— —_ - q ZT X s o —_
R = X NN X B AR ~ o X o
T ] w R do T g T (R
o ) o)) - o ) - ~
o o TR z e o < X
I . X Hooee A Moz = R ojn __ N
X el B~ < X! LE h< Ea ~
Ajm T o m H T OR e Tn_ A gy oW -
® P m L om o= VoL A THEESYT « & T 2
R A N I G aTET = < A
= b 5 T ogn o= ROV T < - S Am
2 o <) AR M ofh B @ ek RS
SR AN U o 20 SN o R
—_ = r: KK H _!n_ - :i i &e X =) W o
WO S i *OMWME Y B ol A A
Top T oo TR mael gulil G i g A
=g owm & w8 TEF e R ool e B T o
— _!n_ vt N E,_ ) N k. w5 ME < -_
N o - = [ w T moF
] < i _ ) ! W< W= N Az o)) o) _ o=
R S AT S S ) A =
= g o B AR o B o R XA
B w g Mm_u =7 ¢ 0 Ay w% MET w dw
R R I = 2 B 0NES T
H._ = X ™ _ﬁ.o ﬂe —_ 3 vl R s - ﬂl = 7
il B S R
T ® oo o T gy B i SR T
A - ol T SO S AR
: Gl T oo T I T I S {Jz
D D S 2o R ow o o Mo
g TR R e BT X T T
W T OF TR oY T T BT R
R A B - N T ®mOR o, T TR
N TR C B ) L I T
~ < o : = LY i~ ~ B S 0e
= T BT T o o ® T T L W G
BOROE M % A BB R ® R ~ X OH %
oA MORowoH 3 o TR T KT O wm R 6N

20074 228



	제 1 장 서론
	1.1 연구개발의 필요성
	1.2 연구목표 및 내용

	제2장 인장시험장치
	2.1 기존의 인장시험방법
	2.2 개량일축관입시험법(IUP)
	2.2.1 시험장치의 구성
	2.2.2 기본이론
	2.2.3 파괴메카니즘

	2.3 개량일축관입시험기(IUP test)의 개선점

	제 3 장 시료의 공학적 특성
	3.1 화강풍화토-벤토나이트 혼합토
	3.2 모래-벤토나이트 혼합토
	3.3 시료의 물성실험

	제 4 장 인장강도시험
	4.1 시료준비
	4.2 공시체 제작
	4.3 시험방법
	4.4 인장시험 결과 및 고찰
	4.4.1 인장응력-변형률 관계
	4.4.2 디스크의 영향
	4.4.3 하중재하속도의 영향
	4.4.4 신뢰성 확인


	제 5 장 오염원의 영향
	5.1 지반의 오염문제
	5.2 폐기물 오염원의 종류와 특성
	5.3 시험 및 고찰
	5.3.1 비중계분석
	5.3.2 인장강도시험
	5.3.3 균열패턴 관찰


	제 6 장 결론
	참고 문헌

